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[Claims ] 
[Claim 1] 

Optical reflection film prepared by sequentially laminating 
a metallic thin film layer, transparent resin layer, and resin 
layer containing inorganic fine particles over one side of a 
substrate film. 
[Claim 2] 

In Claim 1, the thickness of the transparent resin layer is 
0.05 - 5 urn. 
[Claim 3] 

In Claim 1 or 2 , the thickness of the resin layer containing 
inorganic fine particles is 0.05 - 5 ]am. 
[Claim 4] 

In Claims 1-3, when the optical reflection film is 
prepared by sequentially laminating a metallic thin film layer, 
transparent resin layer, and resin layer containing inorganic 
fine particles over one side of the base film, the total 
thickness of the film including the substrate film is 4 - 15 \xm. 
[Claim 5] 

In Claims 1-4, the refractive index n f of inorganic 
particles forming the resin layer containing inorganic fine 
particles and the refractive index n b of the resin forming the 
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same layer is within a range of n t - - n b > 0.4. 
[Claim 6] 

In Claims 1-5, the inorganic fine particles are rutile 
type titanium dioxide. 
[Claim 7] 

In Claims 1-6, the metallic thin film layer is made of 
aluminum . 
[Claim 8] 

In Claims 1-7, the metallic thin film layer is made of 
silver . 

[Detailed explanation of this invention] 

[0001] [Industrial field] 

This invention pertains to an optical reflection film and is 
particularly associated with an optical reflection film that can 
be effectively used as a reflection plate of a liquid crystal 
display device of a portable data terminal (e.g., personal 
computer, cell phone, and game device) . 

[0002] [Conventional technology] 

The liquid crystal display device is utilized by various 
electronic devices (e.g., OA device such as personal 
computer /word processor, video camera, and automobile TV) . In 
recent years, liquid crystal display devices are frequently used 
as portable data terminals (e.g., cell phone and game device). 
The important characteristics of those portable devices are that 
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the device is lighter, smaller, and has a long product life. The 
light source of commonly used transparent type liquid crystal 
display device is a back light, where the power consumption of 
back light is said to be approximately 70% of the total power 
consumption. In order to maintain high luminous intensity, the 
internal battery capacity needs to be increased, which is hard to 
achieve with light weight portable devices. 
[0003] 

On the other hand, since the reflection type liquid crystal 
display device which utilizes a light entered from the surface of 
the display device as a light source does not need a back light, 
the design is suited for portable equipment. In this case, a 
reflection film is used for reflecting the transmitted light. 
For a transmission type liquid crystal display device utilizing a 
back light, since a reflection film is used for taking better 
advantage of the light t ransmitted from the light source, a high 
volume of light is necessary for maintaining and improving the 
display quality of either a transmission type or reflection type 
liquid crystal display device. 
[0004] 

To form a conventional optical reflection film, the 
following methods are normally used: A white color pigment is 
kneaded into a substrate material (e.g., polycarbonate, styrene, 
polyester, ABS resin) ; paint containing dispersed white color 
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pigment is coated over the substrate surface; a metallic thin 
film, such as silver film, is vapor-deposited; or a paint 
containing white color pigment is coated over a substrate coated 
with a vapor-deposited metallic thin film. 

However, those methods cause the following problems: With 
the film containing a kneaded white color pigment, as the amount 
of pigment quantity is limited in order to maintain the 
mechanical strength of the film, sufficient reflection 
characteristic cannot be provided. Also, a film coated with a 
white paint cannot provide satisfactory reflection efficiency as 
the substrate film passes light. On the other hand, although it 
can produce an extremely high total reflection ratio, since the 
mirror surface reflection of a reflection film having a metallic 
thin film is too strong to provide sufficient diffused reflection 
light, a reflection film containing a metallic thin film cannot 
provide an uniform luminance ratio when used with a liquid 
crystal display device. Furthermore, although the method that 
directly coats a white paint over a metallic thin film can 
produce uniform reflection light due to optical 

dispersion/reflection caused by pigments, as several tens /um film 
thickness is required for this method, a thin film cannot be 
produced. 
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[0005] [Problems to be solved by this invention] 

The purpose of this invention is to provide a light 

reflection film that is thin and capable of providing an 

excellent light reflection ratio and whiteness. 

[0006] [Method to Solve the Problems] 

To achieve the purpose as described above, this invention 

provides the following methods: 

The First Claim of this invention provides an optical 

reflection film prepared by sequentially laminating a metallic 

thin film layer, transparent resin layer, and resin layer 

containing inorganic fine particles over one side of a substrate 

film. 

[0007] 

As described in the Second Claim of this invention, the 
thickness of the transparent resin layer is limited to 0.05 - 5 
ym. 
[0008] 

As described in the Third Claim of this invention, the 
thickness of the resin layer containing inorganic fine particles 
is limited to 0.05 - 5 pa. 
[0009] 

As described in the Fourth Claim of this invention, when the 
optical reflection film is prepared by sequentially laminating a 
metallic thin film layer, transparent resin layer, and resin 
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layer containing inorganic fine particles over one side of the 
base film, the total film thickness including the base film is 
limited to 4 - 15 |om. 
[0010] 

As described in the Fifth Claim of this invention, the 
refractive index n f of inorganic particles forming the resin 
layer containing inorganic fine particles and the refractive 
index n b of the resin forming the same layer is within a range of 
n f - n b > 0 . 4 . 
[0011] 

With the Sixth Claim of this invention, said inorganic fine 
particles are rutile type titanium dioxide. 
[0012] 

With the Seventh Claim of this invention, said metallic thin 
film layer is made of aluminum. 
[0013] 

With the Eighth Claim of this invention, said metallic thin 
film layer is made of silver. 
[0014] [Operation of this Invention] 

The following explains this invention in detail: The 
substrate film used in this invention may be made of various 
materials, such as polycarbonate film, polyethylene film, 
polypropylene film, polyethylene terephthalate film, polychloride 
vinyl film, polystyrene film, polyamide film, polyethylene 



naphthalate film, polyether sulfone film, and polyacrylate film, 
where the film may be selected from any of those materials. 
Although the thickness of the substrate film is not particularly 
limited, it should be 2 /urn - 10 m/j f preferably 3-8 /urn when 
considering the thickness of the final optical reflection film. 
[0015] 

Examples of metallic thin film layer are aluminum, silver, 
or alloy thin film containing those materials. As a method to 
form a metallic thin film layer over a substrate film, a PVD 
(physical vapor deposition) technique, such as vacuum vapor- 
deposit, spattering, or ion-plating, or a CVD (chemical vapor 
deposit ion) method, such as high frequency plasma or microwave 
plasma) may be used. Also, the thickness of metallic thin film 
layer should be 300 - 3000 angstrom, where 500 - 2000 angstrom is 
particularly preferred. If the thickness is 300 angstrom or 
less, the reflection ratio tends to decease, whereas the 
thickness exceeding 3 000 angstrom cannot provide proportional 
reflection ratio, and productivity worsens. 
[0016] 

The resin used as a transparent resin layer may be a 
polyester resin normally used as a paint, acrylic resin, alkyd 
resin cellulose type resin, urethane resin, amino resin, epoxy 
resin, phenoxy resin, polyvinyl acetal resin, polyvinyl butylal 
resin, fluoride resin, or silicone resin. Those materials may be 
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used alone or mixed together. Those resins may be in any format 

as long as they can be coated as a solution or emulsion. 

[0017] 

The resin used as a resin layer containing inorganic fine 
particles can be the same material as the resin used for forming 
a transparent resin layer described above. Also, as a 
combination of resin used in a transparent resin layer and resin 
layer containing inorganic fine particles, the materials having a 
large diffraction gap are preferred, whereas the combination of 
resins providing a smaller diffraction ratio is preferred for 
forming a transparent resin layer. Note that, if the diffraction 
ratio of the resin used for forming a transparent resin layer is 
greater than the diffraction ratio of the resin used as a resin 
layer containing inorganic fine particles, by adding the 
inorganic fine particles having a large diffraction ratio 

(described later), a film with an excellent reflection ratio can 
be obtained if the diffraction ratio of the transparent resin 
layer is smaller than the diffraction ratio of the entire resin 
layer containing inorganic fine particles. 

[0018] 

Examples of inorganic fine particles based on this invention 
are titanium dioxide, zirconium oxide, zinc sulfate, zinc oxide, 
antimony oxide, and magnesium oxide, among which rutyl type 
titanium dioxide is particularly preferred. Also, as a 
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combination of inorganic particles and resin for the resin layer 
containing inorganic fine particles, the materials should be 
selected to produce the diffraction ratio of the inorganic fine 
particles and diffraction ratio of the resin can be nf - nb > 
0.4. If nf - nb < 0.4, it becomes hard for the light to be 
diffracted and diffused at the boundary surface of inorganic fine 
particles and resin. As a result, sufficient reflection capacity 
is hard to obtain. Also, the average particle diameter of these 
inorganic fine particles is preferably 0.1 - 3 //m or greater. If 
the average diameter is less than 0.1 fum, which is less than a 
half of visible light frequency length, the light diffusion 
capacity significantly decreases. On the other hand, if the 
average diameter exceeds 3 //m, the diffusion characteristic to a 
resin extremely worsens, causing various problems such as 
substance precipitation during coating. 
[0019] 

The amount of inorganic fine particles in a resin layer 
containing inorganic particles should be 15 - 85 wt. portions per 
100 wt. portions of resin, where 45 - 75 wt. portions are 
particularly preferred. If the amount is 15 wt . portions or 
less, the amount of pigments is too small to produce sufficient 
optical diffusion, making it difficult to produce a targeted 
reflection characteristic. On the other hand, when the amount 
exceeds 85 wt . portions, as too much light is absorbed by 
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pigments, the reflection characteristic is worsened, and often 
results in worsened film hardness and adhesive strength due to 
insufficient resin substance. 
[0020] 

Various devices, such as paint shaker, role mill, sand mill, 
ball mill, at-lighter, jet mill, and homogenizer, may be used for 
the dispersion process of inorganic fine particles and resin. 
During this process, other additives can be used to improve the 
dispersion characteristic. Examples of such additives are a 
coupling agent (e.g., silane, titanate, zirco aluminate type), 
organic metallic compound (e.g., metallic chelate material or 
metallic alkoxide) , and resin type dispersion agent available on 
the market (e.g., Solspers 24000, product of Zeneka; Disperbyk- 
160, 161, product of Big Chemi) . 
[0021] 

To perform a coating process that sequentially laminate a 
transparent resin layer and resin layer containing inorganic fine 
particles over a metallic thin film, the applicable devices, such 
as gravure coater, knife coater, wire bar coater, doctor blade 
coater, reversal roller coater, dipping coater, air knife coater, 
and die coater, may be used. The thickness of the transparent 
resin layer is preferably 0.05 - 5 /^m, where 0.5 - 3 //m is 1A 
particularly preferred. If the thickness is less than 0.05 //m, 
sufficient reflection capacity is difficult to obtain, whereas 
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the thickness exceeding 5 jum not only produces insufficient 
reflection improvement, but also results in increased overall 
thickness which is the opposite result intended by this 
invention. The resin layer containing inorganic fine particles 
should be 1 - 10 //m thick, where 3 - 8 /urn of thickness is 
particularly preferred. If the thickness is 1 jum or less, the 
light diffusion becomes too small to produce notable improvement 
of reflection characteristic while increasing the overall 
thickness . 
[0022] 

With the optical reflection film based on this invention, 
the entered light is first diffused and reflected in the resin 
layer containing inorganic fine particles. Next, the light which 
has passed the resin layer containing inorganic fine particles 
arrives at the boundary surface of the resin and a transparent 
resin layer. At this time, the resin layer containing inorganic 
fine particles consisting of uniformly dispersed inorganic fine 
particles having a high diffraction ratio is considered to 
provide a higher diffraction ratio than the transparent resin 
layer. As a result, the critical angle of the light is formed 
when the light has passed the resin layer containing inorganic 
fine particles and enters into the transparent resin layer 
becomes small, thereby allowing the light to be efficiently 
reflected on the surface of the transparent resin layer. 
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Furthermore, the light which has passed the transparent resin 
layer is reflected by the surface of the metallic thin film. 
This reflected light is reversely directed into the transparent 
resin layer and arrives at the resin layer containing inorganic 
fine particles. At this time, a critical angle does not exist at 
the boundary surface of both layers, and the light is released 
while diffracted and scattered by the inorganic fine particles in 
the resin layer containing inorganic fine particles. Therefore, 
by the synergetic effect of dispersion/reflection by each layer 
and surface reflections, an optical reflection film having 
excellent reflection capacity can be provided despite the 
extremely thin (15 ^m or less) film. 
[0023] [Operational example] 

The following explains the operational examples of this 
invention. Note that tt Portions" and xx %" in the examples 
respectively designate weight portions and weight %. 
Operational example 1: 

A 500 angstrom aluminum thin film layer was formed over one 
side of a 5 jwm thick polyethylene terephthalate film using a DC 
spattering method. Then, a transparent resin layer forming 
coating liquid (coating liquid A) was prepared by dissolving 25 
portions of polyvinyl acetal resin (OH value = 170 mgKOH/g; 
polymerization ratio = 300; diffraction ratio = 1.48) in 75 
portions of methanol. 
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A composition consisting of the following materials was 
kneaded/dispersed for 3 0 minutes using a paint shaker to form a 
resin layer formation liquid containing inorganic fine particles 
(coating liquid B) : 

Titanium dioxide (Tibake CR 97, product of Ishihara Sangyo, 
diffraction ratio =2.7) 82.5 portions 

Fluoride type resin (Rumifuron LF200, product of Asahi Garasu, 
diffraction ratio - 1.45) 112.5 portions 

Xylene 52.5 portions 

Methyl isobutyl ketone 52.5 portions 

Coating liquids A and B were sequentially laminated over 
said aluminum thin film layer formed on the polyethylene 
terephthalate film using a wire bar coater. As a result, a light 
reflection film consisting of the layers described in Table 1 was 
obtained . 

[0024] Comparison example 1: 

As a comparison example for Operational example 1, coating 
liquid B was directly coated over the aluminum thin film layer 
described in Operational example 1. As a result, a light 
reflection film consisting of the layers described in Table 1 was 
obtained. 

[0025] Operational example 2: 

A composition consisting of the following materials was 
kneaded/dispersed for 3 0 minutes using a paint shaker to form a 
resin layer formation liquid containing inorganic fine particles 
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(coating liquid C) : 

Titanium dioxide (Titone R42, product of Sakai Kagaku, 
diffraction ratio =2.7) 55 portions 

Cellulose acetate butyrate resin (CAB 551-0.01, product of 
Eastman Kodak, diffraction ratio =1.48) 45 portions 

Toluene 50 portions 

Methyl isobutyl ketone 50 portions 

Coating liquids A and C were sequentially laminated over 
said aluminum thin film layer described in Operational example 1 
using a wire bar coater. As a result, a light reflection film 
consisting of the layers described in Table 1 was obtained. 
[0026] Comparison example 2: 

As a comparison example for Operational example 2, coating 
liquid C was directly coated over the aluminum thin film layer 
described in Operational example 1. As a result, a light 
reflection film consisting of the layers described in Table 1 was 
obtained. 

[0027] Operational example 3: 

A 1000 angstrom aluminum thin film layer was formed over one 
surface of a 6 /urn thick polyethylene terephthalate film using a 
DC spattering method. Then, a transparent resin layer forming 
coating liquid (liquid D) was prepared by dissolving 20 portions 
of phenoxy resin (OH value = 190 mgKOH/g, average molecular 
quantity in weight = 14000, diffraction ratio =1.6) in 80 
portions of tetrahydrof uran . Next, a composition consisting of 
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the following materials was kneaded/dispersed for 30 minutes 

using a paint shaker to form a resin layer formation liquid 

containing inorganic fine particles (coating liquid E) : 

Titanium dioxide (Taibake CR97, product of Ishihara Sangyo, 
diffraction ratio =2.7) 55 portions 

Alkyd resin (Fthalkide 803-70, product of Hitachi Kasei, 
diffraction ratio = 1.57) 64.3 portions 

Toluene 40.7 portions 

Methyl isobutyl ketone 40.0 portions 

Coating liquids D and E were sequentially laminated over 
said aluminum thin film layer described in Operational example 1 
using a wire bar coater. As a result, a light reflection film 
consisting of the layers described in Table 1 was obtained. 
[0028] Comparison example 3: 

As a comparison example for Operational example 3, coating 
liquid E was directly coated over the aluminum thin film layer 
described in Operational example 3. As a result, a light 
reflection film consisting of the layers described in Table 1 was 
obtained . 

[0029] Operational example 4: 

A 500 angstrom silver thin film layer was formed over one 
surface of a 5 jum thick polyethylene terephthalate film using a 
DC spattering method. Then, coating liquids A and B were 
sequentially laminated over said silver thin film layer using a 
wire bar coater. As a result, a light reflection film consisting 



of the layers described in Table 1 was obtained. 
[0030] 

The reflection ratios of optical reflection films obtained 
in operational and comparison examples were measured at 550 nm 
using a spectrometer (Spectrometer UV-2 56FW, product of Shimazu 
Seisakusho) . Also, the whiteness degree W of each film was 
acquired by the following formula using the brightness index L 
and visible color index (a, b) measured by a measurement device 
(SZ-E90; product of Nihon Denshoku) . The whiteness is considered 
as the index of uniform dispersion/reflection characteristics: 

W 0 , 5 = 100 - { (100 - L ) 2 + (a 2 + b 2 ) } 

The obtained results are shown in Table 2 . 
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[0032] [Table 2] 
Table 2 





Evaluation result 




Reflection ratio 550 nm (%) 


W value 


Operational example 1 


85 


89 


Comparison example 1 


76 


85 


Operational example 2 


89 


91 


Comparison example 2 


83 


87 


Operational example 3 


82 


87 


Comparison example 3 


73 


84 


Operational example 4 


86 


89 



[0033] 

In Operational example 1 and Comparison example 1, the film 
containing a resin layer including inorganic fine particles over 
a transparent resin layer prepared in Operational example 1 
provided improved reflection ratio and whiteness degree compared 
with the results obtained in Comparison example 1. The same 
results were obtained when the values in Operational examples 2 
and 3 were compared with the values obtained in Comparison 
examples 2 and 3 . 

[0034] [Effectiveness of this invention] 

With the method based on this invention that sequentially 
forms a metallic thin film layer, transparent resin layer, and 
resin layer containing inorganic fine particles over one surface 
of a substrate film, the prepared optical reflection film can 
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signify and provide synergetic effects from dispersion-reflection 
provided by inorganic fine particles and surface reflection at 
each layer surface. Therefore, compared with the conventional 
film containing a metallic thin film layer and optical reflection 
film prepared by directly coating a white paint over said film, 
the film based on this invention can significantly improve the 
reflection capacity regardless of the thinness of the film. 

[Simple explanation of the figure] 

Figure 1 is a diagram showing one example of optical 
reflection film structure based on this invention. 

[Explanation of Keys] 

1. . .Substrate film; 2... Metallic thin film layer; 3 ... Transparent 
resin layer; 4... resin layer containing inorganic fine particles 



[Figure 1] 
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